A3 yt\.\ Aj>- j.3 ^yt 

i ' ' ' 

V- ^ j* ^ (P 



,2012 .»1433 ^y/i i»ji-ji 

JUja-y /_lJ_JI 3j&-^ 
t'4--J_ £jj-U4>> AALUJIj *■ 1 i-ill ^jlojji © 

QC721 .V36122012 
Vannucci, Francois. 
[Combien de particules dans un petit pois?] 

:^iujiyt ^jl+JI ,w£ iiajl : tf .uj^jli l^uujA tjUJlj / ''(jLiJL-k ij^k - rfJ j-. (^* j£ 

.2012 .ijJS .£lj-UI j iiliiJJ iij* v^>^i -^'jJ' -4> ***>j* 

16x10: 74^ 

(ii jJLjJI ia.j J (ja Olj^j 4lml.ll) 

Combien de particules dans un petit pois?:uliS i-c^y 
978-9948-17-033-4 ^ 

fj*. ..iljjjijl - 2 oLijj-JI - 1 

' ^ ■■• : j * il ,jL>oVl d^^jj hjLj^JI Iaa ^ i ■'**■ 

Francois Vannucci 
Combien de particules dans un petit pois ? 

Copyright © Le Pommier, 2003 (S) 

a « n 

vww.kallma.ae Ualum 

»971 2 6433 127 ^ii +971 2 6515 451 jiu .Sj»idi injj-ji cijt^i .^jJ 2380 

1 

^iUUI^ ^UmJJ l^-^^I 

ABU DMABI TOURiSII & CULTURE AUTHORTTY 

j**-jj .»jL__lj dblj-dl »IjF |j* 4Jjj__* jjjj «, itti i>jjjL*.) «aLjIUIj 4^U<ull ^iU»! -UiA jj 
■4'n| II ^j* «jjj^U t^ujJj JUj-dl <*ljl (j* <_>Li£JI lj_> -jjA »ij<jJI jlaill oL+aj 

u * * K £ Jji*4 » J ^t-^ja-y -, ijjjjrjl 4AAjl|t JJJ-3- 

_jf iJjj^l _ji Aj^ij-al 3i—-j l_j^J| IJL* t-y^ ^\ JUjC--I j\ £_-J 



• ' > 



7 AJJbiil c__LJi ^bL. jLsi 

17 ^OS q» 

28 £_. ( ^_ sr «jy» 

36 JS^TiLU 

«2 £*r*A5 



52 <- -/#Ip 

57 Iji^ (ftb>-| iiliit siL'lp 

62 _jU jSOl plp La 

68 ?t_-*JJl _Jj ^ JuJj ^\ oljL» ajL^J 

72 ^_^L. 



ij-J-' t_-L-7 £ LjU jl? 



2LuJ_*.»Jl i— 4I4JI £_2__4 jt_»_4 

cJyis3s JuJmJL 43 4-_ai J__£ 

t4___JL_Jl ^ijjIj ^ __•>!_• ;»L_ J-n---j (^Jl 4jjj 
J^ cO j_»">l»l JLP i__l$-^JI °JJ-< 9 j-^i-" 

J^Cr-^i^ 1 "-" L_1 Jl 

t J_>- JLkjT Jl ^ajUj i^j^ aly !_• jt Lf 
Ljl L__i»J ^Jl t^-Jjj ^_uJ_aJl JUP al ^ll ijj^aj 
(i 4___>L*_ll L$J j j-_» _£ j__ y.1 jJaJl i£ j _l& 
8jJ-7_' __>t--_3 ,1^1 jjp ^ _ >J l_l U .LjJIj 
C..-.J Lg___Cj JlJ-J^I (^-JU 4jjL_yi LgJjJ -JLi- 
J_P 43 yiil jf __U_ i jJI jJl ^jP jiJ-Jl 43_ J_t 

4»,,WII __9L__>__-I j J----J ^j^-l js-Jl *L_1p 
JL L. jAj cUjlj^l ^ (^l ^ ^Vlj 
l__jl jJ j . J_>- Jbuj (Jl a_lil oU j__C ^ Jp j_JL 
»JI jJl (j_i L* jy-___ «j j-_-i 4j jUil aJl$J JiC jt 
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t«j ^ji ij jjtii ^Ljl. ^ 1 >>>«! • 

(LjjaJI iLc- <J*jL U Jji jf .iJJi tĕji-^ll ajJLp^I 
; JtL^j 01 jjfc oJjLv> 2JLS\JL* i»L»l 4..,^a.i -b>ij (j^?- 

«?IJL* Jjj 

tiJjli s jwall OLLi-l i_j j^>- SJLc- ^jujj" (j^- 
«aJ jVl olJ jSJ,I)) Ip ^ o 2j jjwj Jj4 ^jJ 
lyil JU-I 3U..W. ^-J .iJJi oi (^Pj tUSLc ^Jl 
jl Owbr ji J-«-Jl IJ-^j Lsii>«-i c—oi Jij . L*if 
Jl JJLll 0 jJJl oli oLJ-l ja 3150 j^L. iJL*Jl 
i-^. jjbL. >i cyJj^Jl J^jJlj jlj^^l 
^ OLLA-I oL> of ^iLsUsi 01 ^ii .olj^o-L 
jJL (Jj-JI JlU-l L_i-U*« ,_j* Lgi»*ii ^Jl «uJjJl 
^jjl 4ii*>Jlj .ajjjwj jwl JoJl J*->- Lf .aSjJI 
tL. 0 jj> ^L-aJl OjjJl 01 Jl jyiJ 3jjJl LjjL_i 
0,2 Jl jp- Ojj" V" J^" ^ 560 jJ» 
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ajjAi iiitji^ 



ij J L liLi tSJuJl i_3 y>r ^ L j^l L« jP 

^ hi^y^ ?oLJ-i oJL* ^ s^>- js" i_j ^ 

^jy ^jj^ ^**-^"' "^*" ^ $ ' * jL>-Li Jlj-*Jl IJJ* 

LT J jSfl U>u Jl l^- J jUV y-t 
^jJl toJL* L!^- 0 j^j j .LJLi aJLJLi oi*3 
L»jJf ^Jl aJj yJl tL>o aLIs LSiljw 

L-J L\Jp t jLLi-l oL> L*jjp ^ 

J^ ((^JJ)) j»-*^ 11* tAj L$i j*i 

.LiJj>- aJL ^ L* <J» 4j j t jLill 
Lki ^JJ ^Jait jt Jjt aJU- ^ (^-^. 
t Jj»r .ttl oJL?r ^j^^o liLIi ^ I ^»:,» » I Jj>- ojJts^ 
t ywsli yiv*t ^JaS Jl L*j jJu ^Will diij" ^Jait j%-J 

^ ^ S J-*^ J! yVl ^ 

jt ^j^c. dJJi Jju. . o j^J o^jj-Jkl jyJl ^.Wt,," 

^kiii dU: ^JaSt» c i^ JJj ^-J.1 Jl LLt 

^^Jaij ^iJJi jt JU . L$l, ^JaS Jl L*j _j Jj 
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u* '^^ ^ '^3j> Ji J! ^ 

jjb i_ ; ...tlj ttJJl ^ L^jlj *l jv—^l o^lil 
c ...J 0^1 ^ l^iL^I ^l olj^l 01 
. jJjJl _iLiS^/>U 
. I j^l ^si? jJ L^ ji Lla L* ^jjij jl Lj ^jLoj^tj 
i__U ^ L. ^ ^">LUVI ij\*~j> Ja y«Jli 
js-\iJ* <s} Ll ?ajj^I L. ^ tojjj ((^JJ)) 
— o:> _^>J>I juiJl ol J> L? I jjjS" UjJi iS' —Cs j$£ 
<uLp ^j-SctJ j^J «^—Jl kiJJi ^jLc- «. j*kJl ijuil ^ 

(J J-^J SjLtC. jjk JJ-Jl ijl k_JLIi ^^Jl-aj . ( _£*i J *' ^LjlJ 

^Jl JiJl j ^ J.I t^i. Jl L. Ji^J 2^jLv ,_Uj>«j 

JS" ^Js J oT . ti Sfl «■ J-iJl jl j%JUj j . ol y 

Ci£*.j*j ■ Sll Jj JjjVl ^ o^kJl jl jJt 
JSO t«— 'UjjjiJt)) (^-L; 3iJJl 4*JL olij^r 

4,,» Ull 4*Ul jl Jl \lA jJ-jj (j^L^- j jj LjJU 

J jiJ Jj j4*il LgJLa c. ol jJ^I _Hj (^j*— j V 
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LiJUill i-J^Slr i&jL* 



jl jiJj tAj UsU- (C^>r°y J j^)) 0 yj» J>J jl 
ol> j-« J^"'' (_S^ fr J j j Ito Ti tLj^jiJl eLo.I-P 
tL. ^»<jLm3 ^^Ip Ul y ^l .JtJJj Ji*^" 
oi> jil j . ji^j j jJ-i^4 J~>- J ^Js- jl 2j.iL* 

^jljL i>\ tSjJiv» Jl jJsl oli CjL jj j-iJL 3iaJ ^l 
((iijjVl)) tjwai! j^jJU 400 uy ^rjll J ji» 
tj^- jl <.ji\ ja s-^r jLL. ^ t-y^ jL.jJLJl) 
(. j-jal! jLajJLl 700 j (jL>-iil ^jA iy>r j jAa ^jA 

Ji^ tjjj^ ^ J-W '(.T^ 1 J - (( 

,L5jjil Jutity ^ 4jV JiJiS' sl y Lcl Jlill 
L Ijli ^jiCj . i_Ja.Ml 4juil SJL 1 _/3-T.C Lo.i L*Jb- j 
LaIjLp L« i _ / ^a.T.Cj oliJLi tte jj]\ 4jui^l <S J> 

^jA SiJa « y~&Z 4j>«jk^ jV ^iJJi J*«J *jl ?3juil ^ 
^lp LgJI ji>-L c*>Lt-4 ApL^aJl cSLjc* «jL» 

j^j^^l ^ f\J^ ^Aj^T ^jA jjSo jjL* 

tjjj^l j jJJl J-oj^ ^\ ^L jj'jiJl Ig.lp 0 Yia^ 
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■Lu .iUjj ji SjjSjLLI ^ljj/JA-l Jai dJJij 

<br j« J j]p xj> 

Ljb^Ujl oV J**Jl ^L^ili : jiiJlj ^Liib 
«Uic JJl *_JL«J)I ^LjL«j .4^oL ^-Ji ^lj t5^vLu 
a jUj^I J-Lp J^- JJ j! dUJb LJ ^jj s._^aJl 

jl Jl I ^Jaj tjil ^yt j jJLll ^ t-^l 

^ ((OU jj jjtJl))_> iJaJ _Jj ol> jil Jl jlst 

700 j jUl 

5^- j^ J jjai) jl-Liil Jjji 
.(jlil ^j-» j jJLll ^j-» ^j^r' VjL«j L« jj*j t1j-« jjU 
Jl j?- La ^J-ti £jLi ^Jl 3 y«__Jl j%__J 3j j^>il (jy^l J 
c_.c4 Wt.-jI __gj>«J.L) C— j_c_*>l 1_Ls tljL» jjU ^jiji^s- 
,<_1i j_- jjLJl («_><_>- ^-^- ^L-il _£ jj jl 
*L,j^_Jl ^ ^ J ^j t«<L»_Cl1 iSLil^il)) ^ 

lc^jut j^ J jls JaJijj t4j ^jJkl oljL-iL ^ 7g j 
J ji> j_T l__J_r cu^j t-_J_£ SiOaJl ^ *L<_Xj 

.Aj«jjj y Lgj. 4j__j ^il 4iUaJl CjlS' I jwai i_>- jil 
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4JJm1i t-J*Jl£ IMjUt 



j^ai\ j ti5jjV' j jJJl y aSUs ^JJ Ij_Ca 
La-j tcJ ji/ jjj^SsJl 3 (J,l _p- cLh^-oj^- oL>- jll 
cIjua^- LJjlsI t j^j»-^! O ji!l y ^SUs ^AJLJ 
/Ojj^J^Oj .cJji/jjj^Jl 1,7 ojl-li* L. 
sLi^l JL4 ^Ljc-II ^iUaJl ĕ.b- j ^ (cJ ji 
tl—i^l aSUs ^Lij 3L»:,..ll o_b- jjl Ll .aj ^-£>Jl 
Jl 2i*>UJl j tpJLnJ J jjLI aj^LjJI 
i^Jj Li" k_j^J _li j UL* 
1 eV 1.6 = x(19-) 10 J 
L t_> jL-o -~-l jJl J jJrl jli i£-j»jl SJJj j 

/ jjj^SsJ*}/! CjIjLL» ^jA CjIjLL 9j_j?- ^yt <_ j yu 

cJji/ jj j^J,VI jl U" ccJji 

jLSJl j liijyiil AsLilJsI J-ojC^I^ I JLgJ 

liil, 1<LJ> _Ajw? _Jl c^I cJji/ jj j— CJl 
Li-i-lj t_ijw3 j jJ- 4 _•' tcJji/ jjj^SsJl 
jLL> _;! ccJ ji/ jjj^SsJl 
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.4J J.I «^Li y jjiJl)) jjj ^jP ojLp « jjajl 

J» 3 J 5 " H 'r^ 

<_£ j%SJl oJ^UJlj .0 j;*J>l 3»...JaJl oli oLjjJ^I 
j j£j Ljit* LpLlAI jL J-iJ j^l LjlLv Ua.ij ^l 

c^jLS" «u-jo aj^L> <lj4 i JLt^jL^j^ LoJ^L« 

.^Lti^l i>- j^ J ji* ^j» Ju y Jujiil oilil jLu.I 

tji^j^^jll ^jJj tj-iaJl jl ^_Js— S" LjIj -^ij 

Jjaij tjdl ^j» tj^- j jJLt -b>-l jJl t jji.l <j\ 
. cJji/ jjj^J^fl ^ ol-b»-j ^ oliLls 

L*-L7 2u^Li^ oW jll Jl j)>tj oLSLlaJl cJL? lij 
a ',' j *iJJj ' r j^j^» oJLa ij., : ->- tl : .,>.'Cp 
i_3LiSc^l ^ii 4-JUJl oLiUaJl jli tc^jlj ^gi* 

<_£ jjLaJI jL*j.Vi jJLi ^ J jjJl jt ^ju \1a 

jS\ 2iLkJ I ja 01^ Ji J J JlS-J 

2utit jji IJ^La .^jil t j-iaJl oli jJ ji aL^- Lf 
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OU y jS ^ j t jLtll J^ ((jjw;)) 4*-it jt X 

t jJaJl oLi jJ ji olSLL> ja i j» (_iiL j^Sl (_£l 

jJi tj^i j,i y- ^ z\jo\ ^y^-.Js <.jJa 

^psjjLi» £-Lj L** • i^y *j^~p 
JjVl jt> Lip cOljJUlj obji-l oJLi^l U 

jl JjjJ A^LtJl ^j-* .iJ-P ^j^» 0 jjCli oLpj*j£ 

jt (jjo dX!i j-* Jjut J,l <_jL*JL!I Lijjt lili .jalii 

^jCj L< IJL*j ti_. l»ll ^LuL» aSLL? ^j^» ju 
t Js>\i J*\ oLSLW Jp Jj-^JJ i_JIjJI pLJ*JI 
oTjH _JJj" toLp-J.! oLil ja JjJl^JI j* *Jlij 
Js- J j-^-l L$i*Lil pIjj ja ^\ j) ^l 2^>*JaJl 
J, jVl «OIp j«il)) ojJj Jij .1 ji jisi A*-it 
^Lll j>Jl ja oL^ jJ-l ^ o-*JI ^l 
/jjj^SCJl j jJj» ajU ojaU 4iLk!l ^j» oL j7..« 
^ ljL«jt Ijg.t.^Ci^ jt tl.o.UJJ ^UI Ljf ccJji 
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jli j»jJl L»l . jlil ^ ^J^- jLL» y tj>r J,l j^- 

lJ»j>JI J 1*-1p Jj-^J-I j£-ll Ll*Jl oliLkJl 
ccJ j*/l> jj^J^I oIjUUj» oLdl ^iiJ aj joi»il 
^-^» JL^-I ^Jl ^j^-l (J.I j*- jL>t|l i_3L__xi~l ^t ; tt^ 

yj c j^' l>* ^ j^-* 

tLi^l L_iU_C_-l J-4 ^ j»jJl jl_J^I «uL 

. Jls^JI <L*L_« 
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_jl ^ ^*. r " 



^ ĕ.5 Jtal.\ ĕiLjJl J-<3-«-! tL_Kj? JJiJ 
^y» (ĕ_>lil i_J>Li^LJ ^ a.I.o.».': 1 1 oL>i! 

.5jL«_P _i fv> -_Jj>-ljJl LjiJJ Jj yu> J,l J_v-> j_Jl 

((__J-_~ -_j dl—ij -J^jt-I» lJ-_. J__j»J _>l ^jLJj 

aj j__aP ĕ_>L- ^j» j j^oj LgjT ,_Jl__-wXj t^gi La J l 

^j^» olji ^j-» L-L-l i_^"jo oLjj^- L3--I ji 

(j- 4 frj^"l <_£j_--__- j_-j _ jyj-jjJ-^Jlj jjj^^Jl 

(( ji__-)) -u__-l (_jJl -j^iJ j_* ---IjL--- ojJLp 

<_£ j___J.I I jjb ^glp j^-JJ .'»_-* ĕj J-s^ ^ji^- J J-*---~l 
ĕ j____ j_-L> jLLi-l --__- ^ oljJJl _>J_c jl J_4 

d>Li ^ -Jj jj»j .-uljjJl jLL jLL ^Js^l 
jj' _L-i-Vl yj^> ijy 'LJ ^-ri '•Jk^ 
^l ^lij^l J-"L_Jl ,_j-i^j jl . j_u__Jl 2-^L_- 
. jj^Jl -Js ^jL» ĕj i -5' <_£jii_Jl ^ g a M j_Lj 
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SjJUl ij\ tatome AlaiJ 01 Ua Ja?~">lJj 
2Jli jJl atomos 2JaiJ SJLJL. t<L^J;AJl oliJJl 
JL5j c(( a-o — i. U JjUJI ,.^1)) ^Jl 
jiP c jLs> ^LJl 0 >Jl ^ ikiUl JJUL' *LJLJl 
oJb- jJl ^ 0 j^j L» -Ujj OjJUl jt ^ jJl p.U.i Lil 

l$j j£s. ijJJl cj-^-L JiJ .a.<,...-iJJ ^LLaJl jjp 

^ L*Jwul L« 2Lj tLj^J ^ LJ C-s^ailj 

.SJSL-Jl 

V L ijJJl i_>_pr ^ 031 c$ji. (^JUl L. 

aJ jUa ^jIp ((JLJ)) ^waj" jl ja Sil Ai j*i LJ Ju 
((^JJ)) 01 Jjati L» Jjl LJ ^tJai; L*Jup .^yuuiJl 

£ ^jy^ 1— A-S" <— ' j*i LjL LoJlP iJlA t*L jf^Jl 

jJLJ L^i» yt! 01 dJJJU il tOlijj^Lll L^l- 
^Jl L^li l ^UaJl ^ dJL'j tcSjS JL4 
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oUjj^SLJ^I y Lili jLJl ^j^i i jjjjiUl 
. 4-iLiJl ^<jLvS Js- L}j ^gllJ ^j^-L* dLL- y 

JJu 5->wi ^jLj^sj jjj^SCj^lj ctLijjj-sJl 

1,6 L*jlJJL«j SJLj ciijyt» 4j>«-i ^jL^sI 

oL>wiJl jj-LS ^ 4j jL*il aJu>- jJl jJ j5Jl 

^jkj Lj^ oJjL* «^JJ» cJLS' Llj .o^^SJI 

L^Jl _!!:> ^j^oi caJL- oL_*_i ^^Lp ^ j^ 

oL>_iJJ 4_>L$C 2L>- j-« _jL>«_< Js- L_jj c£ j_£ 

LjJL«j>tj 2L>- jil _jL»__JI a Ju> . LJ 4J_-Lv» j aJLJI 

« 

C((0jJjjJl» (^Li l3 _jLpji-l ^ ^-1 ^ jJ 

4J_»«_J LLi i!iLv» 4^- yt 4_»«_i Lg_» ^JS" ^J— *«j. 
Mi. Ojj ^SJl 3ji jl J_4 I JS_* .iJLJl jjj^Ll^l 

(j-Cj . _jL jj j ^j 4__jj _jLj jj-^SCjj 4_*i j^J-P- (_£ J~*- 
_j_»__Jl oJ_% ^ oJj-Ij Jjiti l5 jJ L i-jLS' 
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_tJJ._ 4_ JsJ jA ?1 f..->-\^a Jl aJ-jLi I_$jJ j_i 

tjj_>l ^jLi ^--^-i «^JJ» ^L-jM ^j» Jj ^ 

2L«^i1 JL_«_~-I L_- __,,ll3",. ^_Jl aJ__jl!1 j 
i___j-JJ ^ -_»_il -iUs ^ jS\ -iUs oli 
(Sj^i o ji^^l oJla c. >fc j Li* Jjuj Jl Lo 
^Ssi dJJJU JJuLs j_p -J_-aj <_£ j-> ojJJl 

j yl!l JJI jt ^ i<SjMy\ Rutherford *jj>Jjj 

^jp 0jjU_5 -_»_il Jl <»■«:. vl ^ c^jJj^-Otll 

Jl j_*- L^SUs jVJJ t4_p (J_oJ_i-l ^Lr" (-Sj- 1 ^^-M 
-o jl -J £-1.1 Uf tcJ ji/ jjj^SsJl j jJi! 

c__JLj ywl LLLp 



dJJi 



Lf 



V 1 



<_S jl_- j_» Lp jj Cm..J o-iLll jl tUJj«JLl ^wsjI jl 
jjp ^jJp -_«J__i_il ^Wall Lg-i JL_j t j jJJl j j_C_Jl 
Jl 4,.:." tLLJb 1 o ,h:" -_J___« 4-j l_J jl Jj t^LL__il 
jjJj t__. t^JjS" jS\Jl CjL- jJaJl jjT _U«.i J_»- 
^ljSCJl jjJj" SljJl Jj_- oUjj^J^I 
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t-j^r\ jaLJ ajJJl s\ju\ O-iLT Ll j .^-o ,tll J y 
O-ilS^j jJ>l ^j» t-y^ oljLL» ijC^e- ^ja Jj-I jJl 
jLL» 0 jJL» ^j-» Jj-I jjl *jjU JjL^jj V al j-Jl jLhj! 
(^ 5 !*^" Oy Li (j jLiJl 01 J jijl ^jSL-l tjdl j-» 
JjLI ^ ^jy L» (jjLillS" jA al jJl j»j>*j>-j ajJJl 
!L>jJ ^Jl OLU-I 4^-J ^-u jUl 
5jtttj^7- toL jJjjJl (_jl t*L>- jil oL>«-iJl JS" 

(^*^- jjj L*Li jjLaSI ^j^i^» a jotM* al jj ^ Oil 
t jl jAiJ^\ jT.m^ ^Lp Sj^Li^» ^^^i tJ-*>j .«j jJl 
L^iS" J^ oLjJjjJl 0V ialjJl jlji^-l (jl 
«LgjLiiil oL>«-iJl 01 ^ _jA*-«j '"L^ j» oL>«-i 
L-JLS"^ jil j J-il OjSsj^IjlJI OIj l g ■_; L-_i ^ilJLj 
jJ al jJl 01 oJi (^jr^j -Lj ^»-; jj_ o CJL5" 
Uj o yrJu] ^.j^l\ ^il-iJl s jS i_£ y L^J 
^giJl dJJJJ .SJj-Ij AJaJ- 4jk_^£ LjJL j^L» Q.a; 
|t-JaJ S-jjj__%Jl s jjJl j_ji- (__. ^j>-I a ji iJliA 0 j^j 01 



21 



oJu» j^JxJl jibJl L^-.ia.*, ; Jl oL jJJjJl 

L» L$Jl J^j ji)l 0 ^L ijyy L» ^ 0 jiJl 

ol jJl jl j'e:,J\ 1JL-J2J L*Jo-j t/*^' ^ 

U ^Jfc to-L» J>-b ^ <_£ ^l oLi jfC j y>rj "V jJ 

diib ^jIp Jjo U5j .«oljjjjjjl)) ^L 
LgjLa 4LlJ*AJI oUJJl oji^-^l oJLa («—-I ^yj^ 
jvJbL*J LgJl jjp t2_>«-i (j\ "V Lj oJuLi 
o jjLl! c—^srt-i— J Uajf L^j'V ol jJl jl jjLlwI JAjL>- 

«•^Ji J_T CjL jj jjjl A^Jlo <^jL j y j*Jl J . 4j jiJl 

jjlJiaj dJJJJ toJuLi LJi LJf Lf!j5" j iS 
jl udJjjlSjJl)) jj*> LoL»- U-xl jJJjj oJL* ^jip 
L$Jl Jl ojLil ^jj tol jJJ Ij^» tLii jl 2u jjl 
oiL*Jl j ol jJl j .ojj?-Vl oJL» oL jjC» Lv« 
4J_oj^ L« jJuJ LjL-j oL jjjjJI ^ IjJU- ,jL^ 
LjJl LJi ^Jl t jjj.j^lil oljjj ^^LjyjJ ^ 
J^i U(JJ)) ^-^r ^ ^^1 (^iSl Jj^J 
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ol jJ L»l . oLi j jj ^j.» L^JLl«j lIjLi jj_JjJ 
tLuU jjjjJI j-" jjJS' ^J-^ L^jii 3 l.,.i,;Jl ^L-s^r^l 
(j^JI L^ ^Jl ^jJ jjJl al jj y&> diii 
jL«j JJLP Ajui ^ ji-^w 9 ^J-P j-*_} 'ijy—^j 

01 ^s*t*i J* 'j' j-i^-^l jL-ji! oUjjJjJl j-a 
^ jjj jJl al jj ^ ^fcj tdilj j-» j^Sl s Jufc jj^J 
. Li j y jJ 146 ^JLj Li ^Jl 
tj^Jt-l jLipI 2jwJ ^gi t jjj^J^I JjLS" L»t 

^ <.j>: jLL» jUu jLL» > 5 VI o j^i-P ^ -L>-l jJl 

JL>-Ij ajAJ- j JL>-Ij ^JLp O j— JL» j") ^l j& jLSJl 

jjyj-Jlj j jj jjjl SjLS' L«tj t(lyiv» j jj*>\j j 

jl£j ojjJl 2JjJ5" jt ^jiitC. t^Juws ^iJlj Lj-Le- JvjJ3 

.5IjJI^L^/jU 
ULa ol jJl oLi j^j:. yu> ^ LiL Jjj j^l j 
^Li* jlUJJ LiLi£i-l ^Lo jt LiL^Li t^JLil 

.jJl^JI 
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Jb- Jl ?0 Jj^^l <-*y>r -brjj t_S-Jl L. 

j-CI ^Jl caSLUI oLj_w. J^i ^U: (I («jJl 
^ coLpjwil o-b-l ^ UjJjJ Jl Jvs jJl 

^ji- 2u_ jiaj _ijvali j j j_\J^I Jjut 

^ Jbu ^JjL . 4 e...~lU SjLLaJl jJ> oJb-l jJl ijklJl 
tJ?l jj^ U £_aij jl ^ jJl jAj c((4->_i)) 

ajjj Jb- Jl i_jUjJI I;»..:.»! LjL LJLe- »S-JL>-b 

Juul J-*J CjJ>1 c-j>- jLJL. jl~L ^ -b-1 jjl c-J^-l 

jlbJl _iLj_C_*l ^ CjJI (JL-I aJI J^ j l 

. ji^aJl (_j*L_« 
U ^jL-. y»Vl ?0 j jj"j^JI j L) jj'j jJl jj^ liL 

£■ j>^.. . J ^Jl) j^jl ^jjl 4_jJ J^£>l j_ il cLa 

(5 j*L_Jl £- >-~b"j <_S >-Vl <_>j^r (j^ Ul.b-1 
1;»W:.J Ji j .(_JJlj.5 lJ— Obj ^jwjI aJL' 

I jdlUl 4j^J LjjL j->s_« ,jij jl/T ijl «> jJl ^I^- 

J5" j U.5.U-J cquarks -jlj&l 1 L$JLc 
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<_£ jt .^ I i iJjb ^ ijt*J ^y^j^i ^ i s 

i_j^jxj 4JI j^^j j CwLpUaJl jSnJI tJ\P jj ^jIp 
aJI j^ j t J jUl i3jl jSJI j t 4jjjj<i^l Up J* U 

i_r* J -^-^ ^j^N 1 down J/h 
_} jl jSClJ j jSsJ jl l^-^j aSC-Lc j f LJl ^ L>__Jl 
lSj^t *_>__Jl ^ IjiLS" J_£ *_>w> 
L$J__>o ^l 2jL_Jl 4_>__Jl ^l cLaJl Lg_P i__jjJ-l 

• ^ J^' W^"^ ^-^" _*^' 4~»--Jl j o j j^SsJ^I 
L*jlJ_U ciLLS" j^p blJj^l Jic SjjSJlll jj_-SJl j 

J jUi _]ji jsCjj 3/ 1- j c U apUJi _]ji jsCjj 3/2+ 

L->Lij L-^jJjjJ ^ Lcl oL_»__Jl «Jjb jl Jl; -d 
jl jJ-j _l t L-j j4 U>. JilJl ^jJl ^jSCc ji j 

IJL* •*-*' _»*-*■* ^j--* sLa! J -Jji jSCJi 

J_J ^ _5jl jSsJl i_jlj_- j jl _»___♦ 4j ^Jii ^ oJ_4 
Jii jjjJJ 4jlj cOjiJl AjJLi Jajlj^j ^J"'.'. I g 
^.Wt.-i V AiLkJl 4jjL_ ^jjLL» _j j%_> ^jL I 
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.bb^ji jJ jJl L>- ji j^Jl 
J jSJl JuJj» j jj> jj^O 0 jJJjJl OJ J j-aj 

4i~S j jt c^l cd iJjl j^Jl ^r* ° jj u 

J*iJL; <uLx-i ^ j^>«j:. ^^^ajjj Lf c(d u u) ^ 
L-t .(1+ =3/l- 3/2+ 3/2+) SJb-l j SJ^j J| 
U jjJj i_^>*i~J (d d u) y j^-* y j*^' 
. (0 =3/ 1-3/ 1-3/2+) SJL.U1I a^l! 
aj jt ol Jj» j Jj t2Lj LJ jl jSJl j 
IIa (Oli jj^J>H Ji* diii L>L. t^-JL; V 
a _/l jill Ji\J^J^\ SjJi U 4^j" L. JiVl ,Js- 
jLL jLL \(.j>r LiLJ Li" SjJUlj c<> jJI L! 

*Jji jSJi j*l*Ji ajL>^i ^jj . jdi ^ ^ 

O....J L$jt V] colJJl 2U5L5 objlT LpLaj L>yi 
l^jbj j^aJ Ljj I j.Li J L* jjpJjjI ^LJjJI iJL»- ^jj> apJj 
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AijJ-l oLe-j^J.1 J* L*.i y>r j c J*i3L) 

ijyij L« jj^-i (^ji-P CSjOLw» 4jL ^laj jlj 
(.^jl L$jSf L$~Ip C.al^l cOLi-jJl 
. oL*3i ^J-P 3jcoisf (jiiaj OjLI j^sll ^ ^j^- J^-i 

L$i* j jf>o ^Jl aJ j^l ^Li^l jl I j-^! 
j>>J.I ^ LgJ a^j^ oLi UJb 0, a^lil 
oL>ra„^tl ^ jlk:,.. dJJJJ .aJIJj ^'li jLS" 
«A^jJrl oLl_^J.I)) ^l Ijjb LjLS' jj, aJUl 
coLijj^J^lj oLijy^jJlj oLijJjjJl ^ip 
^ Uo j ^ jisiJl ^Jl oLi _^J.I g;l 

«aJj^I oLijSJ.1)) A. ja .>J jlk— UJ c jv>J.I 
I» 0, j^J^I JLt ^JJiT ^ ci^l/Jl JLt 

l^jSt c(L. ^jJLJ-i Jlc ^jjj _^-Sri iJl* ji ji 

i_$l ^jjp f» jJl LJ I i ,fxj Lck^J j^5" ^ jLS^jLij 

.2Ll>-b 2-ij 
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oli jSJ.1 ^..,fl'Jl iU- j ^yt lJLfc L*L» -LlP 

0^1 LSC-J o5 o jSj csjJUl ^Jt aJ jSfl 
.Ojj^J^Ij d iJjljSJl «jJ^j u ^jljSJL. 

(_£ ^-t 4_b ^ls aJL*> Li-Jjl ij>xj^ J,l i^Jl ^^jSJ _} 

jl LlAp tneutrino y>, j> j~Jl L* jPJ^* 

Jt 1876 ^ Becquerel J_^j I ^Jl 

^JJ IJla jl Jj m ^jJl Pjll j™ ^y. 

^Ui^i j .oijj ^ ^jdi ^iii oljisji 

sjjJjt o"}LS\-iJ Ljl^- J^»«J l-Wjj (^5***^*^ (_k 
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^^((JJ» 

2_._.Ull ^aUaJlj . oLj5vll ^y» 

jil ^yb ,2L* jjl LJL>- ^ U. : . «,.->- Lji yu ^Jl ^JUt 
^JbJl JjuL t LjJl^j:.V jJJij^J t«ĕ-UU-)) jvsLp 
LjBt jb V tLjJjSJ ^l ol jiJl ja JJLjJ 1 

JL«I LjJ 0 j?T... a jjP jvaLp ^jA C-Jj-i? 

.jn^jJj jl J jlaj flL>- 
<U LjIj ij JJl tOjj^L *>\i* jJJi ^ J 
(^.iLJl jjj JZ3\ A(JJ)) ^or ^ ^j-j J\ 0 j£il 
y£ <j JJl j jj.j^JI Lii U5" jj* «jij jiS^I j 
toLjy j^Jl LjJjuj oLjjjjj az*m ^jIp «Jljj 
ii^ ^lp ^ys^j 4J Lj-J- ^JaJl ^ Jbj- Ljf JU 
^«JaJl jl Lc. ^j^J . oLj^jjJ oLajj oL yjy. 
sJju 4il*i» (^j^Js jwaiP j£J ^JI SJL^Jl 
jli toL jjjjJI (^l caJ ji ^ oli jj^SLJ^I 
oL jjjy. ^jJLc- Lpljj c£ y£ (^Jl js^ L*Jl JT 
oLj^jj*Jl .i-lP ^jp ^JaJl jjASu. 'Lijj^S' l _5 P '^-' 
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f uLLr i*- J nsjr j* ff 



aJU oLjyj^Jl lJ^L^-^I L>1 . L$J 

IJLJ 4jLjC~JI Skalll j t ylki fl jPJj L4 J,l ^aJu 
Cr* J-^ 1 ^ J^* oLiUl j j& 

jA ^jisilj ttopOSj isOS LoJs ^jujUjj (juJiiJ 

L*Jl>iij ^Jl 2L_jw9 jjl 2 j,/?Sllj) ((I g ... a'i o«^i> jjl» 
.(a,»,,Wll js^LjJJ ^JlJj^. 4»JV j j^istil jw?;»ll 
jv-*p| J,l j ji-Jaj ^jjjJilll ,j\j L« (JjLJl Jj Jj>»J j 

oL jJ jjjJl 4JI jJ oL jS^ ^Jj?- l - g • ■» JS" 
Jl sjLi^U « 12 0 jj^"» jLLs oUj yjJl j 
s jJaj Jt s jU£l! ((14 Ojj j tL$^L»Jl j jj.j&l 
Ji i y>- y ji?-Vl lJL*j .oL»Jl oLi j y j-Jl 
il Jjj>- sJLu^» oLo^j ^jSU tA.....a.-ji (j jJl pl j^Jl 
Jl |Jb-l j (_pL»Jl j jj_^JI v~j Ji ^r"*j <_> jl— J 
i^j.Liil oM.>«, yCJl AitJs jJnj>o <u£j tjUL» oJl 
4 ./?:c dJ-g-S' L»Lf «u^l sjJsJ ^LtJaJ 
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VI a-ilp fL ^rVI ^ V j-CJl IJl» 01 

(((JLJ)) ^ L— Oli caLlJs jljl J5v-i __J-p 
j-« jLL jLL i_iVI SjC^p ^J-p LLLl LjT (Sy^H 
tjL^-J 14 0 jj.j^JI *-jI ji jOpOI Lf tol jJJl 
^yt (juljLL a jC^p _\P tL*L j5"i ^l a-^-JJ I jLipI 

aJL* «J_J2jL))j .jJwaJl ((<_JJ)) j<— __i L-jIjJJI 

^ L— -J ^jt* ^ OLLi-l <Lj>- ytJui^wj tuljJJl 

.iLijJI ^jj tuLaJ jwu. ajJjj LjJj>-L 

Lv j jj" jv (^Lp aJI ji>-l jtJjC^tj t 14 0 ji^SJl 01 
LsUJj j*/>*i L? tl yCu^ji (j-^J '(ji^lj 

jJJ-J ^JJ 01 dJJi ___S~«-*j taJj-L>- cjLj5\j> 

2jL jjJL>- L_j-j}lis (_$JjCj i-1jL jj^SCj jl ^oJL-oL 

.Ljjj Ql jjT,..! V AiLW __y& j tcJ ji/o jj-^Jl jL5" 
jjJJ JS\ dJl" V a^jJ.1 cjL jjQy\ j 

^j-* Jj t4jL»Js 2iLkj. j~«-j* ^jJlj tal jJl J j^- 
tajJwaj _jj>«j (_£jJl JJ--J.I (j^j . LjJli al jJl i_Ji 
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Jj ^Jai-i oJub»J>l «L»i_jJl ji jjyjJl (jlo 
4^>-j> 41>w> ^yjji 
ol jJ ^Jjs- AjL^-JI Ji J-^»«j LjT jJJi (^^^oj .aJL- 

L£ ci_V»L J yj ?■•»,. X j lIjL JJJji 3.» i ■ »» ^jJ" SjLSj^ 

LjJ Juu ^Ji tj-^a^- JlS Ujji "ij£ i3Lfc jl ^Ju 
LjJl» <_ ,t>j oljJJ Lttj.i j 'ijy^jjL 1 J< <j y-_£ 

C14->N14 + e- 
j^^J SL>- ^j l. .»■->- 14 jjjj^Jl c . t«Ti 
jl ^ju Lc 4 L.U 5730 o jlJiL. jliCi t jy>J.I 
Jut> lJu^JI Jl ^Jiijb»«^j ^JuJl <o j>- jil i^cJSdl 
LjT J-wLij (((JlJ» ^_~j>- jl_T LLj .ojJ.1 oJL* 
j jj.^^SI tulji oljLU o jLt- Jl j^- ^Jjs- LL» 
oLL_e- £-ijl Jl j>- JLg,.,t.j jJu-Jl 1 g ft . -•>■ jli 1 14 
jt-swsl jj* j t^j^l ,jjLsJl Ll .SJLJjJl Js c-iij 
oLL_p ^ LiVI JLfij AJli t^-LL V Lc.a^JJ» 
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.<oL>- AjU JS" o . -Jj l 

12 Ojj < u .iL ; ..A ! j^Jl Ojj j£J <w>La'.»I a-Lo^ 
<L-J ^ j^£J alas-JJl dJJu ^ li^Uajl j 1 14 0 jj.jS" j 
.iJb*i jl j ji ^^JLJl Js jjL,.A\ 14 0 jj.j^JI 

(i! Cr*^ J3j*- J***^ 'cr-*^ 1 Lr* 
^Jl 5ii>-">U.I oJL* .oliJl 14 0 jj jSCJl v-J 

j^*/L iijytil ^jjLJI ^jJ" J! J-^ j^' c-^-UI 
jLapI *Li*Jl c.. : >- 1 1 4 Ojj.^Jl <LL 

Jl LjJ 14 j jjj^Jl (^L-L ajr.JLaJl tLi^l 

. 12 Ojj j£Jl 
L jj^l j>«j. t^JLH ^Lvi e Vl ^ ^jJl IJL* 
iJL*j) p Lj ^jJ ^ <ol ^jJp (Jl-a) Ll>-Ij 
y LLpj a LiJl Lj& ^LviVI jj- 4 01 OLpjJ 
(^JJl ((L-;)) jLJ.1 ^ .(L* U L^a £x> Js 
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? OUsr LrJ njjr 

150 y 14 j jj.j^J 1 »' jj c jp SJ jill aiLkll 
V j>J.I o jj^^ ji^ '^J ji/^ jj^! jJjS" 
4** J-»->«j tiiLUl ^ jl-Uil iJl* LJb J-o^j 
c£ ajUj tJaii cJji/ jjj^Jl jLS" 10 »jL7 
jLS' 150 c£l iS jil jJ.1 AiUaJl ^ j^-*r 4*J> J-»^j 

La La ^j^j l£-*J' Jlj-Jlj .cJji/ jjj^^Jl 

<J ^Jaj "V jl tc_-*JLj jjI JiliLkJl (3 jjsJL; ^jJjCj 

tl^IS' 5-Ujill aSLUI jjj^J^I J^j. V yl 
jLi JLiJ tljjjiJl p-Le- ^ <LjbJJl oJLpLill jLi Ldp 
Jj SJLjjjiJl ybl jJaJl cjjJj>- sUll >vJaj V <ULk!l 

J jLj f JLi- JlS^I 11* J^j .LjU JLP ^" 

jj^>o ^l jj^N-« Jj^-j <WsyL 1930 ^ Pauli 

UUr <U> J*s«-i tJL?-lj jl Js djj&3y\ £-* 
jj^ j j^il IJL* .^aJLj j\ JLjjj Jvi ĕjil jJ.1 <ULk!l 
<ul5") neutrino yj4 f-J ' jiJJ* 1 ! e£ JJl 
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aU jJ j jJ*~aS\ Jbb>J.I)) LaLjw ^Jlkil 
Lj_«jbl to^Jji ^ 5 *" 3^ ^ j^-* j-* _} tLLil LijAj»- 
^iajL 01 ^y^" -j *jl j j-* Oj^; il^j 4jl 
^jiSjj jl j LaLsSI ^l L*Lua5i ^ ^j^l 
. ,jLijJl V ^-j ^r»«-i ^Jl O Jj^i fL)j^i]l pLIpj 
. ./3 7 Lijl LaL^S" ^Jl o.:.a,T.ll SJiljw OLi .iJJju j 

iJUlJ^Jl^ 

C14->N14 + e + -v 

0 JS—J jt—* 1 ' I n $ jJj jj JjJlj '-'jj^i^^J 

t((i_jv^-l)) L*L«^ oLijj AJiiJ ^ Jiill tlepton 

O jj jjJl Jl L*Li 3j jjLw 4. : .a i Jj«j L« j-*j 

■ ^ J^ 1 ^ J J ^ 1 *^' OUjj JdJl j j y jjl j 
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.,L_-Jl ^ j» j>«-Jl jLLA-1 *L>- ^ 
oLjyj__Jlj oUjjjjJl ^ j j j5o 

. -.i oU jj_$C_Jl Ljj tlJl-£*j ^jOJCi jl J^JJ 

J jj>- LjJIjww» i .-Tl j-hJI . L-S' LjJ j->- 

jf- 5,»_.,l?11 jvs>LjJI olL^J ^ kiJJJj . | _ r <...tll 

^Jl oLj ^J j_l!lj o>lj jJ JjJ^ ->Ju*J (_£ j~- I g ■ ^»; 

tLt-*^- OljJJl W.-jl J .L_-L* J5" Ol ji LjJ-P (_£ jl^- 

Ltt-S tJo-lj j jijji ^jjLc- (_£ j^- t(_^>>-jj~L_Jl *_P 
tU j_X_« 244 j» j-ij jJl ^ ol jJl oL j5L« _)J_P £_L_ 

.UjyjJ 150j U jJjy. 94 L?_u 
j aJ jSfl oLJJl (_$l .oU j£iL jLJ L. ^ U 
oU j5L« ^ j jjj «Uj_iJl ,LJLp jl Liij Juii .o^lil 
^ L»___4 ,oUjyj_Jlj oUjjjjJl (__;! toljJl 
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\\i,,>>'\ lili • Jj^J JIpL^ iJjlj^Jl ^jS- y 
tol jjl J j^- ?.LiajJl ^ ^-y-i 
^Jl oV->Lil j«-g-a5 ai^ V c5 JUl yj > j-Jlj 
Lla^-t Jj 0 jXJ tL(u^>- jvsL*Jl lIJJj ijy. J-' 2 ^- 
jiki L. j^J ^l AJLjsiJl tuLJl^Jl ^ y^S. 
4 aJ jVl oli jSCil ^ JjVl aL'LJI ^l Up 

:aJUI 

u d e v 

^Jl j j j jt .iJUaJl I iaj-">L j) 

jLcUJJ Lo-gjt 4-JjVl Oll j5\il ^jA jlJUij 

^ jjl ^ji»- 2i jyiil j jSJl o^L» ^L jt SJ*>U jl 

J-^-*' ^^J-^" L*l J SJLjjU 0 j^- L>l CjL jJj ji ^y» j jSsi 

iij&j ji\ jJ.1 (_jUl jsajJI L«l .(j^-jjJLj* ijijlji 

s 

C5 jI=»xJ L^JJl tfjJ-»>Jl j^i CO^LL\ £J.j Jl ja- JiTj 
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j) «a j j£ii» Jlij t j,Li jJi a UJl J» j>*j 
^ — -*VL> i_Sj^*il cJUJl ^.L j^<^j c^jJl 

t^L-Jl j jSsJ L» JLiLS' SW,,..; \>- ji!l jJuJ 
2iUsL t^j-iJl J/***. L*J.5.»~ ^ (j^l-^ 4 V <jl ^J^- 
t^-iJ' tantimatiĕre (('jUail ojlil )) j» j^jL» 
LjjLoj^ ^jJl kiiU oLa4 «Lj^jjS" LijL>t-ij 4JU jSL» 
j j^J <J 0 j^J JS" Dli I-Lxa .ojLII ^ LjJMjLL. 
.^LLSj jLaj iJjl j5" 4J iJjl j5" JSj t<djLSj jU^ 

oL>Ja-i ^j» ^>Ja-i ^^r^ o^Ukil ojLUj 
s-LJj^j iJjuJL CO j>- jj. ^ Jj tj^JjJl jLiLl 

Jj> j .|»^jIj>j^- ^ L^jj Lgj*> j jJL«Lo tLj^jill 
jLii j j*-jj "y jlaJl oLJ jL "JLJ.I CjIJj 
<tiLiifl jl J-i t j jjkj jJl l£ ' ' j j j^sJ^I 
jj jjl J^ 1 1932 («Lp aJ j&I «Uity J J*iJL 
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1955 jjp oiLx_5'l ^ ^jJl jjjjjJl ^Ua^ 

jjSsilj ^iJl IjLjJ LamA> |jJUtf 

j jS" ^ (_£ j~j jLili_>iJ V I ' (j ^*^ jljJii nl\ 

j jfCil ^ 1 j jS^J ^Jl (_j j?-VI oL_»_iJl 
^jiaJij jl _JJi> j .:>L-sil ^ L$__i ^ya-i 

^jAjLsA^J <UP j>c_j -*J 4_>_i V (_£ jjl j_j y j_Jl 

J*i ./j^*^ ij^^i L/i 5 — ' .4 i,i^'La>- ^<2_Jw 
4jL» (IjjLi _JJj OLS" jlj (OJustj L» jj»j) 4ia_^ 
^ 4jLj yJ jl j_l!l .jL*—* Lal ( jjj\S\_Jl <UP £t_j J\S 
LiUa» (_SI ((Ojjijjji)) LJa*j i_j jw« LjJli i_>j^JaJl 

. jjj_CJi 

VI -^>-jj V 3-Lll ;Li« j! JLopJ jLS" Jjj 
^LjjJl ^jLmsjj ^__>- (<JIjcjI oLi jSsj» J-N-i (^jip 

Js- jLS"j (0 jJJJ SU_« J j! c__S' y J,l \ 
4_*5\j«_<> Ojj+a J-*J ' wC*^" Jj Llj ^ iL__« ^jLSC-i 
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jLja>» Lg-S ol jJ y j jS\i cj^rjj-UgJl ĕji jp 
4pUal^l L» ^JS" (j^-I . j Jj^j jjJ <»Jj^- jjJO j jj j 
^ ĕjj W. jLia* ^LJa^sl jA ^ jJl ^gi»- p_L*Jl 
Lis- Jli kiJJJUj tOi^Jj- 1 ^" «jj c jjSCll 
jLis- (^l tLjJ liUay. ^JS&^tJjJ) «^JJ» 

• ijyiJl <jj'j sl jJ jL-~* 
ojL_J.I ojlll ^LJjj ^ ■s J V ilSoJl L»f 
:>Ls__-i) C~lflJl V cL* j^c- jvai ^ J-O"* 

jL/i> j c<u~ ii JjJjjJl j jl>- «jJL»-» jjJjjJl 

J-s*i*j Lf cĕjlll ^ jllp ^ ,ji>i«j Lj'V Jj c(^JIj 
L* jjUai; ^5:1* Vf ĕjLjail ĕjlll oL jSC» ^jJLp 4** 
d-il LuiJl ^ji* jLj L<Jp cL$J ĕjLskil 

LJLJl ^ji» ojLja^j j jSCili .(_£ _/>-Vl I - ( JS' 
JSLi ^jip 3iLW L gtLi jp ^tiuJ VL>- jLia>cj 
j jlaa;->o kiJJJU .Jliil ^jip oLjJji 
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CjWUJIJS&Uj'!* 

^y, L^pLW./jI Jl I jl__> jJ ^Jl SJLJLiJl ^oL-JL 
LLc 4P yL« i jjlil dJJi j 'ijyr JJ-W" -Ls__« 

• ls^ ^s-^ y~ j -2 ^ j*^ 7 "^ f 'j4^ _r* 

eJi* JLp i_Jiijij 01 ajJJl _JjL jSC ^tjjLJ 

L*L ^Ji a*jjVi yi.A_.Vi jSLlli .;U___Ji 

(• j5>Jl JpLLJI cLJl -- j_J aJLT Ujl 
^-.Jr-I L$J Lc. t L-,.- -y- ^ jVl ^J-e- 0 _ j^- jil tLiVl 
jl L_J L ^J-nJl L_-xJl ^i ^J__Jl jl JLj .(^ j^iJl 
L l_li ..JuJb- <_£ C->L j5d i_3Liifl Jl ^..^M 

^L_Jl aJljj tL__r_ r l 4-..WJI 4>L1___.L jjSCj ^ Ji 

^Lj^-Jl jjp oi ji ?IJL_ju j-«Vl LUol j ,_-->- 4-~_- Jl 

lJs jJjJi ^jSCj 1 Jij-Ji 1 Jl* ^jp i_jIjj>j ^ jJi ^ji?- 

01 <u_* lSjUJ Jj c((?lill)) ^jp L_jljji-L p_L*l 

.(( ?_JuS")) _jP L_-^. 
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0 5 j jSjLU iJjUJl Jl ^^^j^j V j jSL» J jl 
<y J^ ^ ^-^* ^ ^ 

.aJIj J5" ^ 4jL« j^J j^jili I p ^Jl 
j>uiJ il t^Jl^Jl lJufc Jj?r jj «JLJ» ^ 

L^-o.i,-.-*- i^J^-u L< Uj-i jL «LpL- ^ ol jn S-Lp 

J>^ J^ J^ 4 1/^ Ji 4L ^' 

gUA?!) (%--L ^jyy U ^jVl ^rj (> 

aJut LjJL^ ^l AiUaJl j .Lj J^J.1 ^..,...jLll j jSJl 

«jIjlL» L« jiJLj Ji il c4j. jl ^t,,.j Lf o 1,1 olj jSCil 

IJLa J «JLJ» jJ- Vj .cJji/jjj^Jl jLL 
oLi j jJ jJ "Vj oLi jj j jj "Vj oLi jj^5sJ| ^LSCjl 
jj^i I g » ,»■>- jl |^^?>tj 2i j«il Jp- Lii^>- 4i j*j Lf 
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li.*. i-U Jjli yS- k... .. ; JbJbU j j^il UL* 

J-«-=»*j y> j tjjj^J^I Ji« dJJi ^ 4J1L. 
j jS" ^l <up !_iLb>ej *>li c^JLj 2Lj j£ 4jj>«_i 
4jLjC. 4^> 4jl J jjjl ^.,^,1 il : >«j tjjy J-iLil 4JiS" 

muon t)j-« aJj-o— o ^Lj-iJl ^LcJpj .j^S^I ^Vl 
<-J L ^ L^ >*J •<i L; _^ \L ^ ^JJ^jiJ 

LJ v^^o ^l LjJli c5 jii] ^^-j 4iSf J, 

J| 4,,..i J.I 4lllS' |*JX^J C j jSCil I Ju6 ^jiCj 

br cSUi ^l Salll £. JpLLj V t jjj^J^I 
^ji-gJl jjJwaJl ((^jlJ)) j»— » >r V (Jj^J 01 *J 
J^IS' jL« <L>Lo_»i JUJlA-I ^yt I jl-l>- Jj ii-_~~sti 

J,l 4.,.„.,.:JL ioLl.1 jl .t-^gi' 4-ij Jo j <ui jj jl j j^ 
.LjJ V 2L»">Ia 2iLLi LgJLSj jJ-J j jJ.1 
4jt jt U ^jJL j jj.1 UijP Jij j^l j 
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liLt J> y6 V LJl Jioi" 

1 1947 j-^« o^j^-j tLJbJl <_j-i~£\ JjJ .^JLaj 

oL»- jJ ^gip L^S" y ^jJl ojLtl js- Lys yA>-j 

^Jo jAi t jLi-l ijji I g ; tSj^T 5-jjI— jJ j-Ai 

^ aJLT 4JuLp ^ JjVl j-i?»Jl <Juai ^ gj,lg- 4— jij 
4— jiJ dJJLo J. fLJL>Jl jl jj>- j-Cil 
«?|Jl* ^JJs ^ J— jl (^JL5l :*>UL^ oi^i 

(*^"JJ 'u^ .«Lll tLJ (ijjjv» 'jS- iJb aJI dJJi 
oLij^L.)) p_J ljjL4 jjiJJaj ^LJjJI ^JL dJJi 

j}\ oLjliJl ^y. <L*Litj jjjl ^gip ((ojLU 

• Lc-LJ - 

^Jp LgJj i j-nJl 4jLc- ^ oL^aL?- j j—oJJj 

o-L« ^ Ljujw o i[ tl-JL>- (j-J aJi ^j^" j*a£-\ 
.AjLiJl ij>r jjJ-« ^j* (y^j\ ^j^r jjL>iii "V 
js^LjJJ Uri ji 14 j jj.j^JI ^ LiJl LijP Ji j^jj 
L* L* jJbm V j-Vl jl VI iLiliL" c t«t7 ^Jl 



jl JL; . oL jSdl y j jSO J ^JT. J> aL»IS' ol jJj 
^ ^«_Ur. ..^i <*J t. j^JaJl <Pjt«j (Sj^i jLS" Li j j_il 
jLu^l ij-» oL* ^Ji; *Jai jl Ojj-aaJI 4jL>- oJl» 
OL jJ.1 jl ^Ju Ijjk . j ji>r jjl ^yt i^^i L)l J«* 

*>L*i aJjj L. jJJij t-L*j jLS^. j^ ^L» V I.J ./jT ^iJl 
c5 jJr-l oLLk ^ oL jJ.1 dJl" jJ ju" il 

oJL* .(_£ ^J>-I oL J^* L*jJ jj tL-*>jjj y 4-j ji!l 
(_£ j~« C. toJLju SjSCl y L_jL7 Oj_J>-Sfl 
ol jj (Jy J^l J J j*r jj> j* L. Ji» j^. oL jj'j ^J. 

.((^JJ)) j^-r 

jp-dl jS\Jl ^U-i^l jj^SsJ oL jjjjJI oJL* 
Jl j^-l 7 V oL jJl ^Ss- Js- L_j5J tLJjl 
ja LJ*Jl oLLkJl jJLJ ji LJ t(_5 jJrl lJs"^! 
Ij^jLS" 30 Jl 20 ^LL"jl JLc t( _5 jJrl cJ^iJl 

J^ 1 ^ ^j^' ^ '^j^ 1 £^ 
oL jSCil ^ ji-S" j Jlp JpLiJl oJ j (\ j^Jl 
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lj>lj .Joji\ ^iJ ^Jl ojL) jjj L^-j jj-» ti; jJLdl 
Li ,JLu Uli ^L^I IJL» J^t J^4 JljJ V L^ 
dilj ^/^.j ■ ^;-- «-'"N 5-« jk;ll ^jL?- ^ LjL 4j| 
Ji aSUsJI iL'U> oL-oi" J*j*j oLijJj^JI 
<LLj£ L» ^LJ 4j ^r^il oliLUl JjLki ^ y^J 
Ji* jl .U; . J\ \^j> y_ ^j^j 5 ^5" Lji* 

V il cijjJl 4jLp j^Li *j«J.Vl ji^l ^ >Jl l-i* 
jL« jJL^Jl (^j^ L^La -b»-lj ^ j5j jLaj>-l jjL>tii 
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(_^jjjv? j^P LjJu^ jJ-s! (_$JJl J^il lJ-* 

J^L^: oLb ^JI (((^LJ)) J j-Ja* tojlil ^LJ 

4^J&Ll« ^Li^l ^Lp 4(_-^*j"l jlbJl iJl» 4*jL>o L^ 

jSjil SjLjJ Jl J^" jl Ojjii.>^Jl 

J-j«i~. cCERN ajjjJI o j^JJ ^jjVl 
oLJ^I <_£jJ L» <_£ jSl Sj-* l j±»~*j>~ Jll* tLJLiJl 

£_ jJ Ljl*^- eolil ^gip L$JjkLu t(( j-*l4)) jj> 
£ y> jl dJJj . jvsLp L^S" J J^Ju Lc. 

OLjJ^tJJ £^j\*^« (_£ jSI J jjS"! 4j Jj>-jJ I Ji_A l_tj jJ>«J| 

.J^ylJ^ 

L^J^Ljca *>LL>- £^ji II J frLJL*Jl JaJLL^O 

cjL jjjjj Ij-L*5?j jl "lj; jj»_U- ...^ L ji 

£ jjjl 4pjvJ i JjLaj <Lpj^*u (_£j^*U lHjL Jj\^_J| jl 

j .Ajjjb ajjJI J>-b 
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(Jjpyj tol _JLl C^%> AjJaJLs (J yljJl L»jL-w» 

Lc-UJ jl jbjJ aSLUI ^ oL) ji~~> Jl L$j ^UJ jVI 

. L$JLp I jli^l.." ^Sj J jJfc>- Jjti) tjl J^L) 

lJl>- A*ij CjL ^ jL jl ^Jsl jil ^j 
tSJJL» j^j^J-I a*_>w> oLc-jw *L) <_.. 1 Wtj aSLUI 
tljL» jJL 5" ^jij^^j «da^^ £^ ^^r* 0 * ^6 : J 
JLojil^L) C— J ji/ jjjJl^Jl jLL> c-aJI ^ jL £^ 
L^ij^j J^— i «-^LijJjj^l L»I .oUjj^JVI 
ji *LJ*Jl ^IWt.J Jlii toUjj^Lj^l Jt L-Li 
/ 0 jj^Jl jLL» i_jJl aJL L» jl JJL» AiUa L^j 1 jiL> 

.cJji 

Ai J^ ^ JJLJ Uj^-j^j ((<_JJ)) JLJ V 
t^>«JaJaj ijl C .,^"jl JiJJjJ tl ...>■ A~S ji 
k^0ju» tjjjl JL) »jj-^ -L»-Sf «• _J-I £>Ja-Jaj LojT 
LJLS' Si^ ^ j^J L$Jjt>sj Ajui^l _j» J-—J LaJu-^r 
LjIj LjTj .olj jjjjJl *Ay>- L»ju«j*- c-ijt>-l 
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jjjjjjl jli <-*;AiJl *JL- £-» Lijl oJi 

£• JpUJj aiUaJl ^ jLc- <_£ ji^. ^jLp 015" ja 

\^ ^ JL4 44j jjliJl oU jSsil ^ b-LC- ^cLJ ioU.1 

ioIjjjj oLijj^Jlj olijjjjJj oLijjj^j 
Jbo L$J oti £ ^l oU j_Cil I jjiT UsjI ^lCJ j 

JjaAjJ .JjI yjl 4jLc- <_I_j jf- Lg_ia*Jj 4 ^jTi ^jlp 

^JsLil j jiJl ^ ol ,; : ;,,.jl o-L$-i 4.:5:ll oJL* 
Jl j£j\ £ o-s~ 40Uj_Cil S jJa^- Lc-L-JI 
JSsJj ^jLp £L__ol I %\t- I j_Ll_>l 4-£__ oLu 
-L£_»-l j t U jjpj £j Aj Kj pj 7T Ji- <-_» j_-l 
<_»- j •iL><jl ^ _Lf*Jl oLli -Lu jAjjl? j jJL j__Jl 

2 . _Ui.ll ^J> jjiJl oJl* |J____*- ^ ( J__L_Jl A^-jl 
oLi j_Cil ( _j__*j jl ajIJuJI JL- £__»! jJl jl_T 
jl j 4^ ,,.S;I1 SJuLs ^jp j j£j jf Lg_£>_c V 

. jJJ_ Ja-J j j& jl VI Lj_£x_ V -_cJaJl 
jt_1 jjiaJ.1 jU j_Cjl e £± opoll Uli 
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oJl* 2LjL>- jl j»^j>«j i^jLi lS^ (_r* A^iliL» 
oli j>- jJl ^ j-»-sf 3ju JL^-I oLi j5\Jj 

LS" OjJLj^jLJI L$JL-*}L ^Jl 4ik>J>l ^aJL^L-I 

jj (Jl iiLja^ljj tlj^l* .AjJj Js jI ,„/?ll (Js"-"}^ 

qLJ>I ^«J tdj u l^I iLj& ijJLJI JjI jSOl 
<_> J-\) s Jjl jSJl » jl^ cJLT Jil jJ jlSCil 
^j ^p» ^j^j:. cajjJj4)/I strange ^JS ^a J jty 
.aj jSJl \*J»i\ l ja J jV « j.a.t.-5'l c(« jl jI»Vl 

^ii ou jSCii oSr li* i jiitt Jij 

^j-SCp ^Jjp t ^jLp L yklii ci— i <up jj ji 
j j^r jJl Jjl Lpr j tLjl oU jSCil aJlc- j jS\J L 
JUl c Jjl jSJl jjj tL»r dJJj Jjh • LpLi^-l Jipj 

' 1977 j b ^ J 1 ' 1974 J <-i-^l 

.Ui jt- 1995 ^ Jiil gjiJl t Jjl jSJl 
i_> y>-^\ oIa Lg_* oi-A-l jjJl *L-JVI ^ JjJj 
beautyj c((4ia)) ^jj:. charme ^j.LJL: ^j) 
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L$J J*! ^(«aJLi^» ^^c.truth j U( jL^r)) 
«JjUl))j «JLpUaJl» L$JLLU ^ jiSl J-b U 

.AjU-JJI j 4j ^>i~Jl 

idjJJj jjj^J^I Jbu j tjJJi al jly:. 
i^-i I i UL? Li j^J 1975 ^ (■ ULJl ,JlJuiS'I 

« jls» T <— * j>- J-A U— »1 «Jj-*-! « jJoPl 4AJU 

«uii^j \yyaSj> a ^Jj aJL* f.L>- jj^U jjbj t J,Li jJl 
.0 jJjjJl ^iiS" ^»»-^ «Ojj» ij t L i . ...i Sj^Jl 
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oLej\J>l cJli' ^Jl SJjJl jl jil Ll 

jji^Jl ^jp LJ ~ ^*" - 1 ^ , i ..->«J US" ^jiJl j tL^>-lijL» 

oU j£il ^ b jJLsi b-Lp VI cJJj^ V tj VVI ^ 

.i]jl jSJl ^j^-; j CjL) jT :: Hl ijAaJ (_£l t^JjVI 

il jILc- L»jvi?- ^y» ,J *>Le cjU jiJJl L«li 
obii J^- L$K t^*>L7 jVI j^- Lf^« LjIj 
<_£jjl cJLillj 0 jJ.lj jjj^JVI j t2jL- 
jL>oj o j Jjv5 Ljajl Lo-gJ Lo_T .(( jJs)) Ajj^*u 

ic.Tayll dj J^ri ^j- 4 i— jL-J-I ^ y i y 

^jj-bJjjr j^p jj i3Li_f I J*aJL; _L5j .|3 ((IW : ;)) 
(_jlJl ia^ijj j jjJ.L I - (j I jl Ja-j t jl> ^j j_Jl ^j-» 
^y. £j jjl 41^ LjjJ jl aL/? 4-1 j .(( jls)) T j J^J-L; 
JS" JiJjJ t j~> jJ j_Jl i_j : ./» ^y* L^« 4j*>L t j jiJJl 

J5" jLS" U. j .Lj j ^5' 5_l>iJJ J-«L>- j jv :: l; I g :« 
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jldJJi 

. yj j jJS\ Cj\i\^jt y ^\ yS 4j^j iJll* 

jXj l*s^ Uajl UoJl*i *J jl j^Jl Ulj 
L^ibUai jl^-» <uipLi< t^s*^ (J»-*-N JJl*Jl 
i\ itt.uLi oL°j>Jkl JS%li> ^_U-...; L^JLjajij.j . Ln^o^- 
Ijj^iiil ji > i. ..».'>■ JlJJ.ij tcLi j»»JLll 

^LJa^ j Ss-\ j *Jjl jS" £ojU JJjJs _jP L.I 

Oj£j y _jt jj->s ot IJ-Aj) ^jjI j-S' 

Ojjil iPj^ JjCiJ J*4 ^ c(Jj^l 
^(((Ja_^jJl)) ^gisjC.mesos oLijJl 
qa *j jl j£)l y ij^ £<Jrl Jj_> _jP Uj 
<LJL jJl ja) OjijUl <Ip j^si ^Js- J j^aJ-l J^-l 
.Ojyj-Jlj jjjjjJl Jl» («JJiJ)) ^jjoc. barus 

Li j"X> 5jL >Jl oJLjj iJ jl j£Jl ij^j bJa*j LjTj 
cbLja^ y jli t jjjjUl jw) \_L>-lj 

.lju-lj jjjjL jUli LiajJ *Jjl jSol 
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?JLbr i^J ^j*- Cr*?*' 

ja Li^UaJl 2l£JJ.I ^L i S' jJl .jJIc- j! ^jAJu 
t \ JL^r "j^S ii~Jl LjjtaLia^j iijl j>Jl ^ja jjl 2Ll^ 
Oli j^ll ^JS" .3 jp^ j ji—^J L» tljl JlIL» jj* j 

£<JLl oLi "^i* IJlC* .» jJl ^p- ^ijyJ-l a-I j^l 

sJL*. a_^i Oj^J> J> ^jAj ts s s ^5" p\ 
t((Lv»jl» O L> ^jy^ 1 Oj£il jj*d-UjJi 
^jl L. AiLiiS"! JJ 4j 4j JiJl j~j" oLf <jjJJlj 
^ L«l .LjJ aa^j ^ 4.a.,^ ; i]jl jSJl ji 
J^Ji ^^Ip a^S" y jj-vaj ^jSCa-i Oj jJ»L (- J-* J L» 
2jj>»-iJ J^L»- jjp jj* j t(u ^Lia» u) 

ji-o^j j tTt 0 (( jjw» ^)) -L i_3j*j ^5" 
^Ui») «u^S" J) LJj) Ljl il c4..,..aj ^Lia-» <G j^l; 

.4j'li Oj£il Jl L^iit (u £J> u 

oL j£JJ aJUlSJl ^">Ul ^LT ^ . W: ,,.; jAJju 
aJU-b 2_jj ^ ^M*i; V yJl 6 LiVi (^t) 5JjVl 
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Jl 2-jJ <Sj">L'1* JjW 



Jj>-I jJl *j^-l >-J» ."^j ^j^L^jL» jaP L$Jl jkLLl 
jkJ aj^J j£i Jp (jd! ^ s.j>r jLL jLL ^ 

: ot>C JjLSJ 

(u d e ve) 
(c S (X V(X) 

(t b x vx) 

J^iJl jl*j" cj"&LJI oJu> ^ 3-ia-l j JS"j 
iljljT Jp L^u JS" il .L$Jlj> Jij.jkJlj 

iji ilj jS j 3/2+ L*jljjL l^r y Al^J^ J-»- 5 "^ 

Ai^-i <_£ j j j^J j 3/2— L*jl_LL« SJL- i^Ji 
(_gjL«j o-bLsi ji j j~J 'ji^J ' 1 — L*jIJjL» 
..UiUJl 

jJJ y jj jj6 tl jjL<3 

jf. c-^wiil Lcl oU jSJ.1 oJL* jl LUp ilj 
L) tC-j»«-Jl cjIj-)I ^JJLi LpLJ Lo j^rj 
i_iLiiS'l j jjJaij ^LJjJl jlS" lil Up JtL-iJ jl 
cjLpjw» jt-^J o jil jj ^jj> L^i> o-bJ^- c3Ls^l 
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L^aii; -Uj ^Ji c. 1 «.tCl Ji 4^J*>Ulj Jlj^Jl 
jLi .jtSl ^^J cj">17 cjMj'L*JI jJU-j t js<aiP (jt 

JJU- I_jjsA>»j ot 0 jjJaX~>J (» jJl »l«.Ull oL kiii^t 

oL; (jyij C~*-^ j^r jil j^j jj jJl 1 'Lu<st 

Li j .<dS" 0 j£Jl i_>Ls<9t *j'jU Jaii *JLa 

co^LiLe- ^ oLi jSJj ^JaiiJ aj JiJl c-jLS" 
i jjj ^j jJl i— iLu<9l 2J*5Aj j-* iJLjb (j^j Llj 
olj jxll ^ cj jULc- cjMj <^ j— LJL JLa ^j-Ji 
j^j>J.I ^ Li j£L» j»ij? ^l (jt t jiSl ^ 



56 



o^UUJl y>\ J ojJJ-I j^l 1» Jl 
oU/ll j> j£\*y iJL* 01 JL* io*>LJl 
i_^r jj bf c^^L e >JJ (I jlj Up ^*>1_CJ| <_£ ^ 

. OjjJj J jlJl AjLi ^ ,i jl Ljlp 

V c((5J*liisJl OUjSCll)) jp L* oJj^ii^ 
li*>L>-l aJjb lg:p _j_b>«j ^l ca_lil oL j_C« 
Jj tL-il (^j^ ^-«-'r^ V oli jSsII oJLjj .Iji^ 

Jj>-Jj j^s- ailil oL j^« jjy LgJOlJ lS j^i 

oLj£il aJ_fcj . I '"'\ I g ^a JpLiJ ^ aJ_a 
t U j*jL!l j»jLc- J j-^»l jiii 2-^j>-j ^ JJu oJj jJLl 

oUj£il jjj a(0jjjJi)) ja 

J yiJl j .«0j-» jill)) _Jw> ja UJL- 8 jjS" Jil 

j£j 4^U- 4j>-b jj oU JSs-i Js- \j*'jyAl 



57 



J-^-i ^jIp j j5\il Lljj^aJ ^j^i lil t j jSC* 

.jjJo <->jjJ^- 
Jaj O ^rjSCil 0*>LpLlJl ^e- JjLJI ^ LJ-bi 
oL j5C« -LiJ ^Jl aj jiJl o*>LpLLJI j»J toL>t-iJl 

^ 0-b»-i jl LJ jL>-j t^/ 2 ^. ij| ^ $ '^ 1 *! o j JlI) 

j«_^lj i *jj«j L» jj* to^ApLLJl oJLT ^jJ 

<tj>- j ^jLp ^Jl ^aj t((3a^„>a!t 0*>UUsll)) 
L$-i J^>--L> Jj^LLJl oLL*p tLJl ^ j./?j-l 
jj .,<?t1I jLS" lij ,jj jjj-Jl i— « ; oLj5\ll 
ojj-va jli iYjL" <ui ^^j JpLLJl ^ (J,L>-I 
^Laj' ^J-Jl ^Ip ^j^il 2-*J OL-jLc jwiiJ 
o p*S\ L$jLj£ o ji j*>L>- ^Jl JjLj jI tj^-ij L J;i«-J 
^ ^ oUir .^l Jl L^J^I L^ ^ J>\ 
«.Lil L^Jl ^L-I ^jIp oL jSCll jjij 2jLL»JI <_£ jiJl 
^JJj jji o jS Jff jL Ldp tlg:.; LgJjLJ _f*i 
. L$J-«j£- <L*sL>- ^JL-^j. ^ , <_£ jiJl 



58 



L» oLs \j j£ obti J-^-L-i ^ -Lp 
^Jl j jJl (J-^j c oL jJ jjiil jjb 1 g <J_.Lj _£^»«j 
^Lil oli jJ j-Jlj ._S j^ ^Jj^ ; : aJl 
J,U jJl i_> ^t-Li L$Jl Ojyy. tLgJ iiiS' V i^stJs 
aVi.*\ jj ij j^i aj jiil o^LpLLJI L»l .(L"jj) Y 
J_b L_f <.^jL iS JJl caj^^Ul» jl gluon OjjLJl 

(Jl _Jjl j£sJl < a ; oL jSJ.1 J_iu c4___«<l <uLp 

Jjj_-_4 jjkj c3_JjVl --•L jSJ.1 J^-L. Lj?»; 
oLi j£n_4 _j jjlll oiL^-Jl ^jj?- j^iL» j^p J£C_io 
i_jL___>l aJLJ i_.L~ j .3 jjsS-ty a-L- (J 5 * - ^ *' 
L$Jl 0 jj*jij- c^J-SJl oJbv_« LgJ-T .o jjJL-Jl 

liJJij c-j jjJl (J jlJJ -_^>«___J ^_Aj .g i_3 ^t-L) 

*>U 0 j£i! -__-^ t _Jjl jSJl Ji, tL$l»_*«j L. 

3 .,,-,/»11 o">Lc-L-Jl Llj .<U-4 oM-J^I 
Sjl-S' -J_-f ol-> oL j5s-4 J_>LJ i___.l jj 



jL j_Cii (^_- c( j jj jjJi sJisT 4jL» ,Ji j_»-) 
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OU j5J>lj tAjj^S' A^J- J"*^ ^ i— jj" 

-UgJ V ^Jl Z 0^*3 ^ 

^Jai JLi tljjjiJl ji-Lp ^jjIj 01 IJL» (j-* 

^_-iUI ^ 0j j^SyJ^I J»\Ji£\ ^ UJ JL. I 0» y:. 

LgJLS' oU jSJJ o J.i Jij t ^Ul 0 

JS> V J^lj 0 jC VI j^JUl 4 j-L> L. ^ Ujl jJ 

0 j^r* l£^' j-* cSjj-aSI JLo-^I JjtI ^jj. aip 
«jLj iSj>*i l£-J' f\x~^-\ j Oj»iJI ^ jw» jj. 
tAjjjJl O ji»>JJ j jS" J.I ol jyg- j LJU- 
oL jT.m . ^jip J j^aJ~\ ^JJ 01 ^j-» l£-J^J 

i3 j j*ii jjk (^*ii o j^ii j . yUaJi ^jj. *s j..m. 

jJ-jj cHiggs de boson «^j^i-» 0jjjv» jt—L 

Jj5" j j>^Jl OjUJl _p«J J»- j JLpL-^ Ajl 
jwu oJlS" Ijl aJU-I Aj.jJiJl 01 oJi .oL jSJ.1 
Js- oJi J~L' Ljili ioU j50.l J jJl- J^«:lL 
JU-I j c<k^Jl 2L.-UL. oU jSJ.1 oLL' 01 jLicl 
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jj& IJl*. ^j^-Jt. j jS-L* j . ^il ji\ Js L$J 01 
^ oLi j5J.I aLS" JUol ^ii jl <_£jJl 
^Jiiill 4iL±jf I jl jJLj j .2^>^u 4*ijb> h J&A\ 
oLi jS\^« ^jC- cL-?tJI ^ iils- Jio-w^ 

lJUj^^I IJl* jl Jhr\\ j*j .aJjVi «jJJI 
100 (jy £j'j£ ASLkSl ,jj> obji^» JL_>oj»L> 
t L ^ jL>- J^*Jl j tcJji/ j jj^Jl jLL. 200 j 
.«LiJ^I jlS £j~il J^-b oJal .W 4^Js oLJT 
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^J&i^jj^-S i\jyJi\ ,J-P <_>_>. jL__I j>Slj*J 
^ O jS\Jl .5*>L» ja ,...(L~ Jl <tljs jj jA <L>ojL~ ^L 
ywaJl ^Lia jj* L ol _JJj .«LajyJl <_> jj_>- 
tjL>J.I iJt* \ju> oLLdb j>>ol ^L"-» j* L j 
Ij^- , .h.ll jL-L^I ja J_iil _L* j 
ljL>«_jl ol ^ jl*il j . Lip^ULijj oLj^ll i-lj-U 
015" t.L-J-15" ll?,l>- 4_io L t-jJl yt, Ji LJ_c- 
^J-p _JJij tlg:.; L ^ ~JpU_> oL j^L« ^ _iJL 
J-_> jj" Jij . Lbl jJaJ «J o jS^j ^jJ "il— Jl ^ (.5 j.:..m.« 
JjSH oQ_>JJl ^j SiUJ Jl cjJI ^ .LJbJl 
*__,.J jJ-l "J_Jjj Ljj ^L V ~iJ-> jL>_Li^l ^ 
JS" LgJl.i.i ^ S.»Ltc ^t»! ji JLjc^Lj 
.Ljip Jj__U oLpjUI c_*-L't ^Jl oL_*il 
aJL* "j>_>3 ^J-P 4_ j_iil JjVjJI _T j~ L L 



62 



II* jjZ ^Jl oUi^l ja iJL* ?5j>JI 
SS"^ LgJjt tL. Jaj^Jkl j jSsJl J-s^l ^ 
tUjlJJLa j ji j*j ^ jJl c-LJjJl jUs ^Jl ^LJVI 
a>U ,jil jj ^ t3», : Ul co j^ jil jvaL*Jl ijSj j»J 
IS^Uajl 8js-cJj <W»Li jJ' oLLjJI aJI C-Jail L ^ 
(j~-*l jJ . . 1 jl ^jSij L jl (^"L^S^I Oy^ j-*Jl jj-* 

Oli jj jiJl <Lfl)iM 8-L* J j>- J I jyj>~\ J t j jSvJl 

^Jl j t L» i .«- i >- ol^>J.I Lj-j ^~-j ^gJl «LJ jS\Jl 
t((5j«wall i»-jll)) c^l micro - onde Ljj ji^ju 
oU jJ ji 2ju jt jJ-j SiliS' J-btC.AiS' j jSvJl *>Lc ^* j 

ĕjLc- oli jJ jjJl oJL* . 1 jjgr.:.* JS" ^ 

jJIS" iL L t^JijJl jb^l U c-i c$ 
jt ^JJ Sj^Ual^L; jli" jjj t Jl.../ji Lji* <ui VI 
<u* OjjiAi^^ >- jj cJuUJl ^ljui^l I J-gJ y«-iJ 

OLi jj jjJl 8-L* . jJwJl Lfr« ^ <L~oJ>- Jl j~~ 

jL>«jjjVI ■Xxj jli" L>jf j jSJl ^jjP ĕjj-^ ^UirT 
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j& ijy^s t4_j k_iJT ^JLoj^Aij j^JajJl 

j» jj| i_j jLL <jf jJLnj JJl j jSsJl ^LLc. 

iJL— 'I Ij-gJ j_»-*>Lj .,j^_Jl ^ji IjUL» j— SajjI 

^-J LLL» 6 ^Si ^J-p LJI <jjJl (J, _^5sJl ^Lvi^l jl 
L_j i_J_)I ^ jji Jj ^ ,h«tl jL>_j"VI _jL_i ^ 

t« jj-^aJl a Ja <>Jii <_£ ^p-i 8j 

^dl _iL" ^lj tL jk*J.I *U_I ^ bJlkJ 
tjj&l ^ L jSCll ^ L*o4 

jL>_jVl j_u j_f L_C 0 jSOl <>jj-^ U J_L£ ^Jl j 
ji _Ui .SJb-ljJl aJLSI jjU^ V U , _k.l l 

jU_J^I ((oLiiii)) ^ Uajl oL jSsil sJa 
j^Sl SiLSsj _,SsJ j jSCll *>_: 1$tLL— ' t^J— Jl 
i_j*S\J.I j^ a _r;,„ll ^ «J_>-j ajL»j*5L> ,AjLj tjjiSy 
(VT j v(i j Ve) j-j jj"jv J-T jl (^S^j t Jb-1 jJl 
jli (J -L- t J r 1 IjL* _-Lp .«jL— « _UjS"j Uajj jLr 
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Jjb 



J* **>J J* ^ ¥ j J-^ «C^» 
j-Lj j»J Jl IjJ* .<d>-b ^ 

JbU JuJaj 

t((,JJ)) j^>- jj^J ^Jl oljJUl oljLL. ja 
jjSJl 

^ eJL>- j 2ULj^j <^t iUU ^"S ^Jl "iLSsJL; <dS' 
I^t,<,<" ^ j*j£ jt i>«^Jlj t-b-l jJl jv J.I j"« ,:;„,.Jl 
^ «j _pr jll ĕolil ^ j*j£ 5 CjIjLL "j*>Lj (jjij 

! L»..<.->- j jSJl 
JU- dJJJLS' ^^^Ji "JLrSCJl ^.jlp jjj*jiJl jLf I jl 
I j>-'y I J-a?J>I ^cjLJI o ;1; JuSi . jij y jJl 
cLLi>- Ujj jjSsj jlj ((jjj ji)) jii j" jJl jl 
jLSJ tJJLgJl UjJLp Jl JiJLi c L»...o ->r Lgjj-jT jtj 

dJU Ju ^j . <dS' j j5Jl J.I eolil "JLrS' c$ jl jj" 
^ ( S . ° . ' j i jjSJl ^ *uj ^ jjP "JiS' Jjb" 
U ^ip ^jL- ^Jl «"u^Ll "Ju5Jl)) j Jjui 



65 



jli <nj±~i tLJjJl ia>- Jj t ^^SJ 

* fc ■* 

IJLa ^a.ynj t^j^ °^j^r J j& JJ-"^ 

.-oli ^jj L^J ^jjl 
jt -bhLL-i 4JLji ^ j jSJJ L Jkaj yi> lil 
Jl l>j t Lu SlSCi^. SaLill Salil 

jUoiJ^I JljjJ^- J-lp UIS" LfoUa-.j oalll jt 
*y ^«1 jAj t Aj jL.M.ta oLo^i jlJj>-jj j»Ja*Jl 
tj^Jj^ ^aj^u fjJl Jljj 

jjjJ J*Jl "^J j Jjjjjl jLi ^ ^jPW» J^- <u5J 

^ Olyi jj&l ^ J*ry ^j l j Jj&Jy\ ^ j 

4jjA aT'»; (^JJl jjjL^Jlj .a^Ukil ĕ.iLil 

j£il jt IJL* JJUjJI j>IJj»J| ^j*J f jJl 

_ < .« . _ 

Jju flj>«-> I I g .,r-J ■» t ^gisl Ji L^JI^I <j 

<_g j-i jJJi y\ ^y» J^j jl tjL^-jL^I 

JU .j» jJl j j£Jl ^ eljj L» ĕoLil ^ Ojow 
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L*Ji>-_, Salil J* VJ (i cS-Jl JLLW II* 01 

JiP (»jjl Jl jj ^ £--UJl j j£jl £ 

.LijTL* jTi JLp UJt ^Jl .i^AJl o%'L-Jl i j*-j 

^jA 1 g .,^«1 CjU jSsil --t^Lj «LLa-P flj_J Jj^J «** 
<_£j jjP ^ J-Li <J>-^ J-N-jJl IJI* Jp .,_ya*j 

.1^:^" Jbu LgJ ijjJJ i oL>- 4^>o- ,-jLc- i_jjjb 
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«uS" cJ ^^il o ji*-*<5 OLL>- «L^- <u5" J, 
jibJl oU jSd ^ 0 jSC 0 jSC iiL* ^-Ji ijlUJl 
.jJiij -UjJj tL Jij jjj t<U* ^JJ ^ ^j^J 
^(g*- * ^ ĕ ^S\i Jj jSsJ 4JL-M oL»I jjJl L! ^jj 
.j**n\\ 2L*Li. ^Lji^I ^J^ JlJI JSCjJI ^ 2JjJI 
(J^-jJI i_..«.»,tJI Ijjb ^ c-j^JI AJj Jj* 
CjL»tjV| 01 j-L> iL.LSil J^Jr-l ^ ?aLpL* yj.1 
U-jj ^ c-*Jj -Ji ^i^' ^jbL - » ^L-i^l J jL-J ^l 

. . .(_£ j.p^Sll L*j 
I » oL-^iVl L$Jl c~iit ^Jl ^JLJl j& 
toLj jSJl j»-L>j aJI ./9«ll tLjjiJl JL4 ^ 

^ 2/1 .^ill ^L-j>-Vl ^J""! ^jJL-J L» I g - * L*s j-a-~j 

L» L^p c-jjJ-l l5>^ "Ltl 01 tcjl ^J.1 
JS" (^l <, 2LJ J.I oLJl JS" Lg^ 0 jScT ^Jl j t L* 
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tlg lc- L« j L$-i L«j j£Jlj jj?-JI j ol >><J>I 
^Jl j^Jb-ljJl^JudJ j> jtSljic^ 

? j jisJl SjL. iSjV> ^ jA» . j j£xJl *)Lc 
^ip ^JsjM- JbJj>r jj-*L« >_sL-t_S'1 (_£ J-ll 
S-jjLA-l SjJL *yi J-»j«j *y <u_CJ ioI ^pr-il iS _)'■••* 
jjj L<jJ ^LSj V o jS j^Lti L5" ^^j (L*-b>-j 
.SjjJl oLi j£n-> ^ju J-°-*j ^Jl l5 j*"^' <J> j^' fL*l 
«UiSjJI» oJL* jl Aijj-I ciL JiJl aj Li j^>J L«j 
oLj£n-> jJ-j L« ^ LjL^((s.bj-Jt4jlll)) jl«iuii-l 

AjuM Oli jlCil)) j«_-*l lfj ..1.C- I jjjlisl JjJjt jj» 
oLijJjiJl LS LJjjj- ^ tL-uiJl *>Lf ;((JjLJI 

(_$ jJl LdLc- J^Lo V Lg-^J t J, j£xJl yj j j_Jl j 

jJUJl JjUsJI 4j Ji oJ-Jj oLij£sil oJl* 

j> tojlil oli j£C* ^jy. ^l tsupersymĕtrie 

J-o-*J ^gJl (jj >*"Vl ^Li j-Cil jjyj (JjIjS^j j jlJ 

«» j-Jl ^ji»- JjL>m «US' lj-* jt 4<jj jiU *>Lij 
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jjis-.u j jJIjj "V ^LJLaJlj . <C>cJl 4j jlaJl <_£ 
^tlJ ^Jl olpj-wil <_Ji j sJjwb-r oU jSL» ^-^P 
;Lfcj j>-j ^P !_Li-Xj jl LgJ ^jajyiil ^ 4iLW 

I jUl LgJ lj-l>o jl j jL»L ^jJlj iO jSJl JjtiVl 

.oLj5J.ldiL- jj^i 
jl j jSOl <dic (_^JJl ^t^ijl £_^LiJl j>>J.I jl 
ojUJl J^-\ 2LiiU aJ__xJl j iojljj JSCj Oju. LJ ^Jj 
o_L*Jl oL*_jJl Js o^>«-Jl jl IJL* ^j^j 

. al ^t; j JUj ><Jlj J. 3i jj«il ^ 
2_ajli oL jSCil oJL* j j^t J (*-"_ ^JHJ 

J-^ai ^joL LUbl oJ-i jj^i tL^ Jj"L_Jl 

Jj JjL-_Jlj 0->-Jl J jva9 -b_b>- 

;oJ-> ^ Jbu! Jl ^_-aJl^ eJLi^^l iJb» jl 
^Jl 5wbjJ-l 4-SCj jj jSJl 5 j jJl <_£ jl_-_« Jj Lij jjt 

J J^J .4jL5\_- y (_£ j>-l 0 jj» j jS-Jl jS" j» Jj£ 
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J jW V J*4 . j j£Jl jLj^l jLSt, 4*. 
jS" y (j-J 4Jl J> jl» j JL. *J jjf Ji jL-J^! jt 
jt t-iLt^S^I UUk Jl. jli jt jS- t j j>- jJl 
jt ^ t^ jjl AJUaiil tLij-iJl <up ^Jju L. aJ 
sl ji L. J5" j^SsJ j aJLS' j <u_~j>- j^5\j ^Jl ojLLI 

!jj&l jLaJ^I 

jc- L. jj (j^aiSi j jSsJl ^ jL-J^I SJlSC Laj V 
^jj <Jl ^rojJj tAiJjLl oliL^S'^! J\ j* ^jj 
^ t jL-J^I jl jjp l^- jj aIlS j-J >wsl jJI ^ 

SjJ-*') Jj>-jJl «LL. i_-il^J t^JJl jJwaJl jLSsil 
Hj jhj jlj t (_L>«j jt^JaT.Mj t(<uJJiil ĕjLiil Sj»ei 

jUJt ^ 3^1 t (sTJ.i 3jjvs) LiL>-l OjAL. jiji- 

.Aj. Ja^^j (_^JJl «Jl _Jl yr,.,,.all j jSsJl 



71 



k «■ j-JaJl <jl aLjtoJ L» LlJj Lll>pI (_£ y (j^>- 

0L1 jLtoJJ MiU J-&j«j «. jJaJl ol dJJi i^** - -l£ J 
oJLpLIJI oJL* .ol J> ^Jl uv«Jlj ^ jil ^i^s^' cV 
jjcJ jjLs I j—j L^« (jJJal; ^Jl 2U Jl 
oLi j_C*j) tLjjLi al jJl j»J ĕjAJl (JLo-pl Lj 
,jl I g ^j^l ^gi» L*jjJj ojc>-Vl aJL* 
lil LaI y ^Jl ^Li^l ot L-i-i^J IJL^j* .oU j£. 

0i>- dJJi Lu£f 

Oj^J Ol (_g*t-i (3^-i (j5^J • J*^ 
«lvsUi-l <L>- jll J jJaJ L^Lb» (■ jJaJl 2j>- j* J ji? 

oL>-jil JljJsl i *Liij .jjJaJ.1 t^JLSL 

^ju Uf t I.,.,. Jnp L^LJ <lJI _JiJl j| jil «.^JlJl 
LuSOl J jJsl oL>- jjT. t. y^o ^Lp l .1 LoiS' LJl 
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jL-J^I jUajl UlC* tLil c^y 01 

JL^-I jJl ^jJrl ajjj -b- Jl «b c.aji i_aLi5^l 

ij/* jW-* ^j^-* jv ' j^' <y jW-* jW^ 
.-Uj <c^J « ^Uil jl ^ dJ-i V j 'j^*-iil 
^jj t J-x) ^j-^j -L» C->Lb 3 j^Liil «Jjfc jl j^-lj 
jl j^jiP, ^jPj jj» ^ JJIjVl *Li*Jl 
L* j-»-» "LJjJ l —-'Wr > " (J/* ^ j^j I g»^^ j»Lj>-Sn 
ywJl ^jaL^ jiP- ^^c. to jjJl ji atomos 

JjLj «JlSJj (j-^j^ J^ (♦-' .-flll (JjLail jS- j 

4LL* SjiJl jl ^„^"U L-*Li^L-»Vlj ^^«-«Jl 

ojjJu JjLSJI Lj-s jv?Lp j jSoj LjJIj c4.o. £.1.1 

^jP j j a.iCi tLJjtJl ^^-^j t^J-» LaJl jjpj 2» ,,..S.IJ 

tL>Lj ■jJLLiS'1 LjJLp j cLpLJ c->Li j>J.I ^JJJ 

* * - ' * 

jl J-j .«.i ji>- j 5j ji>»JI C-JS jl LS cL jiaj 

4-JsLi jJl Sj jkJl jl j^Pj Jjj>- jJl Jl j^J> l$Ja*j 
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tU y- ^ja 4aL>J,I ^L^ty \f,A o jSo ^Jl s.iU.1 
^ ji OLLU ^-^■>5' aJ-I ^L-^-ty Lj-i U. 

.OL-J^I 

Mi jLU- 4~>- i j£ jA jlk:T A*uf iJL-j LjJl 
^l LjiiL ^Jl j^aiJl jjjj-l jup V> ^6"" 

.« yudil (ll j*)l i_iLtSwJ jLf ^ ^ jjl 4jjviJl 

^jUJl <ui jvk_£ -LjL« (_jLS' aJI 

I Jb» ^ aJ^jL-J ^ jiiSsJl ^jIp Ll jsr ^^^cil 
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1 jL _' ____-_*-■ L»r .. - -j J a 1 1 

jj JJ j_- |L J-LoL> ^r-i ;1 — i I ' 

f Lj-J ^5— jU __»L 9jj-u 

i „'.l rl T » H . -il '■ 4.1 j 1 »j 4.1 

9-t»-'**-— ' T Jl — — -° jr* j ri . ri > ■ \ 
iu^. jjLkjU «—2f_Lo jJ wjJu^i _ig 

■ - J>— -N fO.) 1 f _<XL>_J j_» 
fc jj 1 j > ..Oj ;_jJ' _l 4; t t Mi )l) 

< _J _ __ i l_i «Lj^iJI t ?i vj> 

_Jjw 4__aL__— >1 JL>wO _j ■_£ 

J _- : l__ _ t ■ >l ; ^ 1 ^ .« 

l__, -*jv_J1 >_,_ ,_• jl_-__yi 



^J-^jJ-l 1 j_t OJjJ 
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